In view of the efficiency and security problem of the coal mine brake operation existing in manual operation, a kind of the brake operation control system based on embedded was put forward. According to the electric parameters condition judgment switching of frequency and phase, the paper proposed respectively the interpolating windowed FFT algorithm. The embedded system was framed by using the S3C2440 chip, the electrical parameters were real-time sampled, processed and analyzed. When the switching conditions are satisfied, the system will be automatically switching operated. This system solves the manual operation efficiency and security issues.
Introduction
There are three working modes of coal mine electrical equipment, namely, operation mode, standby mode and maintenance mode. When electrical equipment changes from one state to another, it is called switching. "Coal Mine Safety Regulations" stipulates that " [1] the mine should have two-circuit power supply lines, and the two power sources should come from different regions. When working normally, the mine power supply should be operated separately", which improves the reliability and safety of coal mine power consumption, but also brings some problems to the normal switching operation, such as the very complex switching process, affecting the normal production of the mine, etc. At present, the domestic switching operation is mainly to implement the operation ticket system and work guardianship system, that is, one-person operation, one-person supervision and one-person record operation mode. Such a simple switching operation requires more than a dozen pages of work tickets, and is operated by manual site, which is inefficient and has hidden dangers for the safety of operators. Based on this, an embedded intelligent switching operation control system is proposed in this paper. Frequency is measured by FFT windowed interpolation algorithm and phase is measured by fast Fourier transform algorithm. Then, according to the condition of switching, whether switching is needed or not is judged. If switching is satisfied, the processor controls the corresponding actuator action to realize switching.
Working Principle and Structural Chart of Switching Control System

Working Principle of Switching Control System
The switching operation here can be regarded as the operation of two AC power supply, which is another kind of closing operation. It is stipulated here that the hard constraints of closing are the following three conditions at the same time:
(1) The voltage amplitude of 1 # bus and 2 # bus is approximately equal. If there is a voltage difference between the two buses, reactive power will flow from the high end of the potential to the low end of the potential when the circuit breaker closes.
(2) The frequencies of 1# bus and 2# bus are approximately equal. If there is frequency difference between the two buses, the active power will flow from the high end of frequency to the low end of frequency when the circuit breaker closes.
(3) The phase difference between 1# bus and 2# bus is about zero. If the phase angle difference exists between the two buses, large impulse current will be generated when the circuit breaker closes.
When the above three conditions are met at the same time, the controller S3C2440A sends out the closing signal to control the closing device for closing. When there are voltage and frequency differences between the two power grids, there will be greater energy flow on the circuit breaker, which will have serious consequences, such as line fault tripping. The impulse current generated by phase difference will threaten the stability of the system [2] . Therefore, the above three conditions must be further constrained quantitatively in practical processing, namely:
(1) The voltages of 1 # bus and 2 # bus should be in the same phase sequence, with the difference of amplitude less than 5%.
(2) The frequency difference between 1# bus and 2# bus is less than 0.5%, and the maximum deviation is 0.25Hz for 50Hz.
(3) The phase angle difference between 1# bus and 2# bus is less than 5 degrees.
Structural Diagram of Switching Control System
The structure diagram of the switching control system is shown in Figure 1 . It consists of four parts: detection device, control module, switching device and human-computer interaction module [3] . Two sets of identical detection devices simultaneously detect the electrical parameters of 1 # bus and 2 # bus from different areas: voltage, frequency and phase. The control module is the most important part of the switching control system. The output signals of the two detection devices are sent into the control module at the same time. The control module processes and judges the input signals, and then controls the switching device. 
Structure Design of Control Module
The control module is the most core part of the switching control system. The structure diagram is shown in Figure 2 . The core device of the control module is the ARM chip S3C2440, which transplants the Linux operating system. It receives the electrical parameters sent by the detection device and processes and calculates them accordingly, such as FFT windowing interpolation algorithm for phase A measurement from area A and area B. Only when the voltage amplitude, frequency and phase all meet the closing conditions at the same time, the driving and control circuits are controlled by S3C2440 to control the operation of the switch-on device. In addition, the system also connects memory (Sdram and Nandflash) to store current and historical power parameter information such as storage operating system; LCD display circuit and keyboard interface circuit to improve visibility and controllability to achieve good human-computer interaction interface. Serial communication interface and Ethernet interface circuit for data transmission and sharing.
Phase Measurement FFT Windowed Interpolation Algorithm [4]
After the closing instruction is obtained, the voltage of 1 # bus and 2 # bus should be in the same phase sequence, and the difference of amplitude is less than 5%. The frequency difference between 1# bus and 2# bus is less than 0.5%, and the maximum deviation is 0.25Hz for 50Hz. The phase angle difference between 1# bus and 2# bus is less than 5 degrees. Among them, the determination of phase difference is the most complex. This system uses FFT windowed interpolation algorithm to calculate phase difference.
A phase sinusoidal alternating current from Area A is set as:
A phase sinusoidal alternating current from Area B is set as: is phase difference. The generalized cosine window is added and the discrete FFT transform is made. The ) (t y A transform is as follows:
transform is as follows: is obtained. [5] : 
Hardware Circuit Design of Switching System
The hardware circuit of the switching system mainly includes LCD interface circuit, Ethernet interface circuit, voltage acquisition circuit, current acquisition circuit, A/D conversion circuit, phase-locked circuit, storage circuit, reset circuit, JTAG debugging interface circuit and USB interface circuit. Because of the length of an article, the following is only about the voltage acquisition circuit and current acquisition circuit introduce. 
Voltage Acquisition Circuit
The voltage acquisition circuit is shown in Figure 3 . Among them, the core device is voltage transformer. The main technical specifications of SPT 204V are: rated voltage 57.7-450V, output voltage 1-8V, linearity 0.1%, rated current 2mA, phase difference less than 5 points, primary resistance 115, resistance 2500V.
Vin is 220V. After 110KΩ resistance current limiting, 2mA current is obtained on the original side of SPT204V and the same current is obtained on the secondary side. Changing the feedback resistance R 2 of the operational amplifier can obtain the desired output voltage, and then the voltage is transferred to the A/D converter for conversion. The C 1 and R 3 branches in the circuit are used to adjust the phase so that Vin and Vo are in phase.
Current Acquisition Circuit
The current acquisition circuit is shown in Figure 4 . Among them, the core device is the current transformer. The main technical specifications of the current transformer SCT254FK are: rated current 5A, output current 2.4mA, phase difference less than 5 points, secondary resistance 300Ω, and electrical resistance 2500V. The rated input current and output current of current transformer are 5A and 2.5mA respectively. The desired output voltage can be obtained by changing the feedback resistance R 6 of the operational amplifier, and then the voltage can be transferred to the A/D converter for conversion. The C 3 and R 7 branches of the circuit are used to adjust the phase so that V in and V o are same phase.
Porting Process of Embedded Linux System
Embedded programs can run on bare computers, but this is mainly for simple systems, for multitasking systems, it is best to use embedded systems. Embedded Linux is selected and tailored on standard Linux, and then downloaded to memory. The transplantation of embedded system for switching is divided into three steps [6] :
(1) Transplantation of U-boot This system uses the open source version U-boot-1.1.6, which is the boot and boot part of the Linux system and stored in the first 4KB of NandFlash's starting address.
(2) Linux Kernel Porting The system uses the open source version of Linux-2.6.30. Firstly, it configures the Linux kernel to better dock with hardware devices; secondly, it chooses and tailors the kernel, retains the required functions and drivers, removes redundant parts; finally, it downloads the ready Linux kernel into the system storage.
(3) File system mounting There are three steps to build the root file system: firstly, adding support for yaffs in the Linux kernel; secondly, making executable files with Busybox; and thirdly, establishing the directory and files of the root file system.
Software Design of Switching System
After the design of hardware system and the transplantation of embedded system, the design of software system mainly includes the detection program of power parameters, A/D conversion program, FFT conversion program, control program, display program, etc. The overall flow chart of the system software is shown in Figure 5 . Firstly, the U-boot is started and the system software Linux is started under its guidance. The system software initializes the system and starts multi-tasks. The voltage, frequency and phase difference of power parameters are detected and processed. When the switching condition is reached, the system is controlled by switching. In order to improve human-computer interaction, the system has real-time data display function and data storage function. The switching control is the core of the whole software system, and its program flow chart is shown in Figure 6 . The closing condition is (1) the voltage of 1 # bus and 2 # bus should be in the same phase sequence, and the difference of amplitude is less than 5%. (2) The frequency difference between 1# bus and 2# bus is less than 0.5%, and the maximum deviation is 0.25Hz for 50Hz. (3) The phase angle difference between 1# bus and 2# bus is less than 5 degrees. Only when the above three conditions are met at the same time can the closing order be issued. 
Conclusions
The intelligent switching system of coal mine based on S3C2440A processor is designed, and the quantitative constraints of switching are analyzed. The hardware system design, software system design and embedded system transplantation are carried out. In the detection of voltage, frequency and phase, phase detection is the most difficult. Based on this, a window interpolation algorithm for phase detection FFT is proposed. The algorithm has low computational complexity and simple programming. The test results show that the system runs reliably and quickly, solves the problems of low efficiency and poor safety of manual switching, and can observe the power parameters and historical values in real time, as well as the current status of switching on and off.
